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INTRODUCTION 
INTRODUCTION 
The squirrels are important group of small mammals belonging 
to order Rodentia. Among the rodents squirrels are easily 
recognized by its slender build, long bushy tail and arboreal 
habits. Though smaller in morphological dimensions, squirrels am 
closely associated with man from time immemorial; some of them 
benefitting man by way of dispersal of seeds and destroying many 
harmful insects, pollination while others may act as pests. 
The squirrels found in Indian subcontinent are broadly 
classified as Giant squirrels, Himalayan squirrels and striped 
squirrels. The striped squirrels particularly three striped and 
five striped have got a wide range of distribution. The five 
strjped palm squirrel is commoner in northern India and extends 
upto dry plains of South. The three striped palm squirrel 
predominates in the South. Both the species however, may be found 
living m the same area (Prater,1980) at some places. 
The five striped palm squirrel has got the widest range of 
distribution among the striped squirrels; occurring from the base 
of Himalayas to Cape Camorin in India (Prater 1980). the five 
striped palm squirrel occur from India, Nepal Terai, Pakistan 
(North-West Frontier), Baluchistan, Sind, Kumaon, Rajputana, 
Palanpur, Cutch, Kathiawar, Bengal (in part). Central Provinces, 
Bombay and South about to Dharwar (Sterndale, 1984 and Roberts, 
1977) . 
The five striped palm squirrel is a very common mammal found 
m gardens and fields. It is not found m forests, but h^ is 
forsaken forests to live with man in and about his dwellings and 
fields. It has almost become dependent on man for food and 
shelter and lives m crowded cities, towns and villages. It seeks 
shelter m houses, gardens, hedges and roadside trees. Tt 
inhibits open ground and on trees equally (Prater, 1980). 
Morphological Description 
The upper parts of five striped palm squirrel, Funarnbulub 
pennanti; m Hindi Gilheri; are dusky greenish gray with five 
yellowish white dorsal stripes all down the back. The outer two 
stripes are indistinct, under parts whitish, hairs of tail 
annulated with red and black, ears round. Its average size of 
head and body is 5-6.5 inches and tail 6-7 inches long. 
There is slight variation m colour of some individuals. Some' 
are darker than others. The variation in colour has been noticed 
with change of season, the young ones can easily be distinguished 
from adults as their stripes are not as sharp as in case of 
adults, and their upper coat is much lighter in colour. 
There is no distinct sexual dimorphism. But one can easily 
judge the sex of an individual by carefully looking at the 
genitals of adults from close. 
Five striped palm squirrels generally are seen m groups of 
two to SIX at a time. But single too are commonly seen. Whenever 
there is a heap of grains or crops, large number of squirrels 
gather all around. 
Five striped palm squirrels make their nest out of soft 
material; consisting fibres, cotton, wood and clothing material. 
The nesting material is put together in the hollows and on the 
branches of trees, on terrace, over the ventilator, and in tho 
crevices. 
Five striped palm squirrels average three litters a year with 
an average of three youngs per litter. In some cases four broods 
per year have also been recorded. Squirrels have lived in 
captivity for 10 years. The females reach at maturity between 6-
8 months. Gestation period is 40-42 days in five striped palm 
squirrels (Banerji,1955-56). 
Pest Status 
Rodents are the most destructive vertebrate pests of field 
crops in Punjab, Haryana, Uttar Pradesh and Rajasthan (Prakash, 
1978-79). The losses caused by rodents to wheat groundnut and 
sugarcane crops have been reported (Bindra and Prem Sagar,1968). 
However, relatively little is known about the preferences to 
different species of field crops (Mann,1975). 
Seed predation by rodents have been recorded among woodland 
herbs. Predispersal seed predation by rodents destroyed 24% and 
47% of the seed crops of Asarum canadense and Jeffersonia diphylla, 
respectively (Heithaus, 1981) in USA. 
Previous Studies ^ 
Excerpts from Prof.Ishwar Prakash's introductory remarks 
on paper "Rodent Research in India" in 1978-79 reads as "India's 
golden period of mammal research was during early part of this 
century when an immense volume of material poured out of press, 
written by stalwarts of Indian Mammology. Pertaining to rodents, 
probably the most important were the 55 reports of the BNHS Mammal 
Survey incorporating the scientific results and summary of the 
survey series, mostly done by Wroughton. After this period, a 
sort of dormancy prevailed in respect of research work on rodents 
as well as mammals in our country, which was broken in 1953 by 
Prof. Daya Krishna and Prof. Ishwar Prakash who started work as 
Marnmologist in the Indian desert. Dr M.L.Roonwal had already 
started his monographic work on the mammals of Manipur (1948,49 
& 50). Later Indian Council of Agricultural Research (ICAR) 
established,in 1959, a Section of Animal Ecology in the Central 
Arid Zone Research Institute, Jodhpur, chiefly to study the desert 
rodents and to find out ways and means to control them. 
Food and nesting habits of Funambulus tristriatus has been 
carried out by S.Keshva Bhat and D.N. Mathew in 1985. Body 
weight, sex and age factors in the population of northern palm 
squirrel, Funambulus pennanti at Jodhpur, garden has been carried 
out by Prakash and Kametkar in 1969. 
Although there has been some good work on the food habits 
and other ecological aspects of other squirrels but comparatively 
very little is known about the ecology and biology of the five 
striped palm squirrel. Whatever is available till date does not 
give an elaborate account on the aspect taken with present study. 
Keeping all this in view the present study contribute to "Study 
of food and feeding behaviour of five striped palm squirrel 
(Funambulus pennanti); and its impact on standing and stored 
crops". The study was carried out during October, 1987 and 
September, 1988 in an around Aligarh Muslim University campus. 
OBJECTIVES 
OBJECTIVES 
The study was carried out with following objectives : 
1. Study of cropping pattern and fruiting season in the study 
area . 
2. Observation of food and feeding behaviour - the study 
encompassing listing of all food items, food preference, 
feeding method and interaction with other animals at the time 
of feeding; and 
3. Qualitative analysis of damage on standing and stored crops. 
4. It is proposed to analyse the damage on standing and stored 
crops in the next phase of study i.e. Ph.D. 
STUDY AREA 7 
LOCATION AND BOUNDARIES 
The district of Aligarh comprises the northern most portion 
of Agra division and lies in the upper Ganga-Yamuna doab. It 
extends from 27° 29'N latitude to 28° ll'N latitude, and 77° 29'E 
longitude to 78° 38'E longitude. To the north, the boundary 
touches Bulandshahar, on the south-west lies the district of 
Mathura, on the west it is separated from Haryana by Yamuna. The 
greatest length of the district is about 120 kms from Yamuna to 
Ganga near northern border and the maximum breadth from north to 
south is some 72 kms. (Figure 1 and 2) Aligarh Gazetteer (1989). 
AREA 
According to Central Statistical Organisation the district 
covered an area of about 5024 sq.kms. in 1971 and stood 27th in 
the state in respect of area. 
CLIMATE 
The climate of the district is tropical monsoon type. It is 
characterised by a hot summer, pleasant winter and general dryness 
except the monsoon season. The early March is followed by the hot 
season, lasting till middle of June. The south-west monsoon 
season is from the middle of June to about third week of 
September. 
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TEMPERATURE 
Day and night temperature decreases rapidly from about 
mi,ddle of November. January is the coldest month with mean daily 
maximum temperature of 21.7°C and the mean daily minimum 
temperature at 7.2°C. The average daily temperature maximum and 
minimum are given in Table (1), Fig.(3). Cold waves in the Wake 
of western disturbances causes the further lowering of temperature 
and the mercury drops down to freezing point and thus some times 
frost also occur. After February temperature increases and May is 
the hottest month with mean daily maximum temperature of 41.3^C 
and minimum of 26.5°C. Nights are warmer in June than May with 
the onset of monsoon by third week of June day temperature 
decreases appreciably. 
RAINFALL 
The average annual rainfall in the study area is 647.3 mm. 
The rainfall increases from south-west towards the north-east and 
varies from 604.5 mm at Hathras to 724.9 mm at Iglas. About 87% 
of the rainfall is received during the south-west monsoon. Months 
from June to September being the months of maximum rainfall. The 
average annual rainfall for 1987-88 is given in Table (2), shows 
the months of maximum rainfall to be July and August. 
HUMIDITY 
Except during the south-west monsoon season when the humidity 
is high, the air is generally dry over the district. The driest 
part of the year is the summer season, with less than 25% of 
relative humidity in afternoon (Table-2). 
Table-1 
Mean Minimum - Maximum Temperature 
(October 1987 - September, 1988) 
Si.No. Months Temperature Degree Celcieus 
Minimum Maximum 
19.0 15.1 
11.6 30.2 
07.8 23.0 
07.2 21.7 
09.9 25.1 
13.2 30.6 
20.3 39.2 
26.2 42.9 
25.2 38.8 
27.2 33.6 
24.6 32.4 
21.6 35.1 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
October 
November 
December 
January 
February 
March 
April 
May 
June 
July 
August 
September 
Source : Meteorology Laboratory, A.M.U. 
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Table-2 
Average Temperature, Relative Htunidity, Rainfall 
(October, 1987 - September, 1988) 
Si.No. Month Temperature Relative Humidity Rainfall 
( C) ( % ) (mm) 
60.0 04.8 
63.0 Nil 
76.2 19.6 
84.5 01.6 
71.2 10.2 
62.5 12.0 
41.8 09.0 
38.2 01.5 
62.7 52.7 
85.5 262.8 
85.6 421.8 
76.9 68.7 
Source : Meteorology Laboratory, Aligarh Muslim University. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
October 
November 
December 
January 
February 
March 
April 
May 
June 
July 
August 
September 
27.0 
20.9 
15.4 
14.4 
17.5 
21.9 
29.7 
34.5 
32.0 
30.4 
28.5 
28.3 
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VEGETATION 
The total forest area in the district was about 1,769 ha 
in 1976-77 of which 800 ha was under the control of forest 
department. Most of the species planted are dry deciduous. The 
rest of the area contains scanty and sparse natural vegetation 
which includes tree like Prosopis specigera. Acacia leucopholea, 
A.nilotica, Azadirachta indica and shrubs namely Capparis decidua, 
Dichostachya cineres (kan), Grevia hevescens (chapal), Crotolaria 
spp. (Bans) and grasses like Desmostachya bipinnata, Saccharum 
munja, S.spontaneum. Planted species like Dalbergia sissoo, Eugenia 
jumbolana, Albizzia lebbek (siris), Pongamia glabra are common in 
the area. Husain (1970) has described the plant species of Aligarh 
Tehsil in detail. 
MAIN STUDY AREA 
Study was carried out in and around Aligarh Muslim University 
Campus which mainly includes Aligarh Fort, University Agricultural 
Farm and village Dhaurra (Fig.4). Village Dhaurra and University 
Farm mainly consists of agricultural crop fields and some plants 
of Prosopis Jul i flora, P. specigerSi, Dalbergia sissoo. Acacia 
nilotica, Azadirachta indica and Ficus glomerata. Boundaries of 
crop fields consists of grass like Cynodon dactylon, Saccharum 
munja, S. spontaneum, Desmostachya bipinnata and Cymbopogon 
citratus. The common plants of Fort are Terminalia arjuna, Psidium 
guajava, Ficus benjamina, F.glomerata, Azadirachta indica, 
Polyalthia longifolia, Dalbergia sissoo, Zizyphus spp., Eugene 
jumbolana, Delonix regia, Tectona grandis, and Kigelia pinnata are 
some of the common planted and naturally grown trees. Among 
shrubs Prosopis specigera, P.juliflora, Capparis sepiaria, Carissa 
M A P 
O F 
ALIGARH CITY 
&M 3*«*M 
F i a . 4 : Showing intensive study areas ( ^ ) 
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spp., and Plumeria duranta and most common. The grasses mainly 
consists of Cynodon dactylon, Desmostachya bipinnata, Cymbopogon 
citratus and Sacharrum munja. Cypress rotundus are common sedges 
available at Fort. 
Fauna 
The area consists of mainly crop fields and human settlements 
with an small area of planted trees. The area is not rich as 
regards to fauna due to age old agricultural practices. The 
common animals seen are rat snake (Ptyas mucosus), Krait (Bungarus 
caeruleus), cobra (Naja naja), red sand boa (Eryx johnii), Calotes 
versicolor and monitor lizard (Varanus spp.) are some of the 
reptilians found in the area. Among mammals mongooses {Herpestes 
edwardsi), five striped palm squirrel ( Funambulus pennanti), common 
house rat (Rattus rattus), mole rat (Banicota bengalensis), black 
naped hare (Lepus nigricollis nigricollis), Indian porcupine 
(Hystrix indica), fruit bat {Rousettus leschenaulti) and jungle 
cat (Felis chaus) are some of the commonly seen mammals in the 
area . 
The avi-fauna is much diverse as birds associated with 
agriculture are concerned. Appendix-I gives a list of birds found 
in the main study area. 
METHODOLOGY 
1 Q 
METHODOLOGY ^ 
To study the cropping pattern in the area, local farmers were 
consulted and interviewed. Later on their statements were 
compared with the figures available in the literature. 
During the study period (1987-88), cropping patterns were 
recorded after visiting the various crop fields. Regular visits 
to study area were made to record rabi, kharif and zaid crops. 
Sowing and harvesting times for rabi, kharif and zaid crops were 
noted down. All the crops occurring in the area during each crop 
season in an agriculture year were recorded; to assess the 
availability of various crops as food for five striped palm 
squirrel. 
Phenological studies were carried out for various fruiting 
trees. This was done by marking 10 trees of a species and 
considering them as representative of the area. Flowering and 
fruiting time for each tree was recorded separately on a fixed 
format. This was monitored on fortnight basis. Along with the 
flowering and fruiting time, leaf stages such as sprouting, young 
or mature leaves, were maintained in the record. Condition of 
fruits such as unripe or ripe was record as to give an idea about 
the assessment of qualitative damage and availability. 
To study food and feeding habits, direct observations were 
recorded by using 7 x 50 binoculars. To identify various food 
items consumed by five striped palm squirrel in the field, 
magnifying glass was used as an aid to naked eyes. 
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Transects passing through various habitats such as crop 
fields, plantations gardens and orchards were monitored regularly. 
While walking on transects, number of squirrels in each habitat 
and the food item on which they were feeding were recorded. 
To study the food preference, squirrels were observed 
throughout the day for 11 days. Feeding behaviour of squirrels in 
the field was done by Scan sampling method (Altman, 1974). Food 
preference in nature was assessed on the basis of frequency of 
visits, duration of feeding and number of animals seen feeding on 
particular food species. 
For food habit studies, stomach contents were collected. For 
this purpose five striped palm squirrels were collected by baited 
box trap (Plate-1). Bread piece (chapati) was used as bait. The 
squirrels were dissected in the laboratory and stomachs removed 
(Plate-la). The contents of each stomach after removing the bait, 
if any, were emptied into a petrirdish (Plate-lb) and weighed 
nearest to 0.001 gm using a single pan electric balance. The 
volume of each stomach content was also measured. A gross 
analysis of the total contents of each stomach was made with a 
magnifying glass as well as with a dissecting microscope (40 x) 
to identify the major food material. 
The volume of major food materials was determined by water 
displacement method (Sood and Dilber, 1977 and Viljoen, 1977). To 
Icnow the volume of food items such as fibres and insects 
(exoskeleton) which float in water, were immersed in water by 
pressing them with a fine sieve of known volume. 
STUDY AREA 
Plate 1 ; Five striped palm squirrel 
in baited box trap. 

Pla te l a : A dissec ted s q u i r r e l v;ith 
stomach removed. 

Plate lb : Showing stomach contents. 
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As to know food preference among five crop species; an 
experiment was performed. Grains of bajra {Pennisetum typhoides), 
jowar (Sorghum vulgare), wheat (Triticum aestivum), rice (Oryza 
sativa) and mustard iBrassica compestris) were used as feeding 
material. These five different food items then were placed, after 
weighting; on the ground in exposed position, to allow five 
striped palm squirrels an easy access. The relative position of 
the 5 different food species were changed in rotation. Each day 
feeding were continued till animals lost interest in food. And 
after animals lost interest in food, food items were weighed once 
again. The actual readings were taken after 4-5 days of trial, so 
that squirrels become used to this new experience. 
Observations were taken at an interval of 20 minutes on 
number of squirrels feeding on each food item and time spent by 
them on each food item. To calculate the preference, percent time 
spent on each food item and average number of squirrels feeding on 
each food item Wf'rf? taken into account, and the data was summed up 
for a day as a whole. Observations were taken from morning till 
evening, and out of that total hours of active feeding were 
calculated. 
To test the level of significance results were tested against 
null hypothesis by using chi-square (X ) test "goodness of fit" 
(Lehner, 1979). The value of chi square was calculated by using 
the formula as: 
X^ = 
2 (Observed number - Expected number) (O-E) 
Expected number E 
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To observe the effect of feeding on the quality of different 
food items regular visits to grainary and orchards were made. For 
this the squirrels were observed directly in their feeding areas 
and the kind of damage to standing and stored crops was recorded. 
RESULTS 
AND 
DISCUSSION 
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CROPPING PATTERN 
India is a country of small farms with 77% of the people 
living in the rural areas and all of them directly or indirectly 
depending on agriculture for their livelihood. With some 163 
million hectares of cultivated land and 89.4 million farming 
families, average agriculture holding comes to only 1.82 hectares 
(Agricultural situation in India, 1988). 
Consequently, the production patterns in this primary sector 
in different areas of the country have not witnessed any 
perceptible change from the traditional systems followed through 
generations. Efforts at increasing productivity and farm incomes 
have not therefore, shown desired results. Crop mix in different 
state;s of country has shown little change over the past one and 
half decade (Agricultural Situation in India, 1988). 
Croppincj pattern of an area is largely determined by soil 
type, topography and climate of that area. 
Aligarh region comes under the upper Ganga plain 
characterised by tropical monsoon type of climate (Singh,1987), 
which is also responsible in determining the crop type and 
cropping pattern in the area. 
The cropping pattern has been defined by many authors in many 
ways. But according to 1960 committee constituted by Government 
of India, recognised the cropping patterns as "relative acreage 
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of various crops in a district or in an area" (Agriculture 
Sit\iatLon, 1964). Fn true sense cropping pattern can be defined 
as the time duration for which a crop is grown and total area 
occupied by the crop, including commonly grown crops, their 
intensity, crop rotation and crop combination. 
The cropping pattern in the study area is characterised by two 
distinct seasons; rabi (October-March) and kharif (July-October). 
The crops cultivated between rabi and kharif, during Marchand June 
mainly consists of summer vegetables, known as zaid. Agriculture 
year in Aligarh is given in Table (3). Some of the crops are 
grown with others i.e.mixed cropping or change in rotation 
(rotational cropping). Soil fertility determines mono cropping 
(one crop in one season), double cropping or multiple cropping. 
Side by side traditional cropping, socio-economic status, cultural 
practices, land size, resource and individuals effort, individual 
likings, all cumulatively contribute to total cropping pattern of 
an area. In the region, highest percentage occupying crop in 
terms of area is considered as base crop. On the basis of base 
crop there are two types of well defined cropping patterns, i.e. 
kharif based and rabi based cropping patterns. Javed (1990) and 
Yahya et al (1990) have given a good account of cropping pattern 
in this area. 
The kharif based cropping pattern includes rice based, jowar 
based, pearl millet based, maize based; while rabi based includes 
wheat based, gram based, barely based and mustard based (ICAR 
1987) . 
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Table-3 
Agriculture year in Aligarh 
Si.No. Kharif Crops Rabi Crops Zaid Crops 
(July-Oct) (Oct-March) (March-June) 
Wheat Cucurabits 
Mustard Summer Vegetables 
Rye Waater Melon 
Barley Kakri 
Pea Khira 
Gram Legumes 
Arhar 
Masoor 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
Maize 
Ba jra 
Jowar 
Rice 
Urd 
Moong 
-
_ 
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On the basis of base crop, kharif based cropping pattern i.e. 
maize based, and bajra (pearl millet) based cropping pattern has 
been taken for detailed account. 
Maize based cropping pattern 
It consists of maize as base crop and wheat as alternative 
crop in rabi season. 
Bajra based cropping pattern 
In Aligarh region bajra is preferred due to its hardiness 
and draught resistant properties, moreover it is a crop of dry and 
low rainfall areas, in which Aligarh region falls. Under the 
bajra based cropping pattern jowar and maize form the alternative 
croji. In the intensive study area 36.5% of the crop fields were 
under bajra cuH Lvat,ion. 
Seasonality of crops is determined by seasons. The kharif 
crops comes during monsoon season, as most of kharif crops are sown 
in June and harvested by September-October. The main kharif crops 
of the area are bajra, maize, jowar, moong, urd and rice. Maximum 
production in the area is of rice during kharif crop, followed by 
bajra (Table-4B). The rabi crops are sown in October-November and 
harvested by March-April. The main rabi crops in the area includes 
wheat, barley, pea, gram, arhar, mustard and masur. Productivity 
for arhar in the area is highest but wheat occupies the maximum 
area from cultivation point of view (Table-4A). Productivity and 
average yield for non-food crops is given in Table-4C. 
Table-4A 
Productivity and Average yield of rabi crops in UP (1984-85) 
Season Crops Area 
(000 ha) 
Total production Average yield 
(000 tonnes) (qtl/ha 
Rdbi Wheat 83,89 
Sowing Barley 5,67 
(Oct-Nov) 
H a r v e s t ing Gi »Hn 1 3 , 7 4 
(Ma t -Apr) A r h a r 5 , 2 0 
O t h e i 6 , 2 8 
P u l s e s 
1 , 5 6 , 7 5 
7 , 4 2 
1 2 , 7 2 
8 , 4 2 
4 , 7 5 
1 8 , 6 9 
1 3 , 0 9 
9 , 2 6 
1 6 , 1 9 
-
Source : Statistical diary - D.P. 1986. 
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Table-4B 
ProductiviUy find Average yield of kharif crops in DP( 1984-85) 
Season 
Khari f 
Sowing 
(Jun-Ju 
Harvest 
1) 
ing 
(Sept-Oct) 
Crops 
Ba jra 
Maize 
Rice 
Jowar 
Urd 
Moong 
Area 
(000 ha) 
946 
11,73 
55,06 
6,59 
2,22 
1,44 
Total production Average yield 
(000 tonnes) (qtl/ha) 
9,46 
17,79 
71,57 
5,66 
68 
48 
10.02 
1 5 . 1 7 
13.00 
8,59 
3,08 
3,35 
Source : Statistical diary - D.P. 1986. 
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Tab]e-4C 
Productivity and average yield of non-food crops - DP (1984-85) 
SI.No, Crops Area 
(000 ha) 
Total production Average yield 
(000 tonnes) (qtl/ha) 
1. 
2. 
3. 
4. 
5. 
6. 
Sugarcane 
Ground nut 
Mustard & 
Rapseed 
Cotton 
Potato 
Oil seeds 
15 
01 
05, 
3, 
8, 
.43 
.85 
.17 
20 
,21 
,83 
7,08,99 
89 
7,85 
4 
54,49 
9,64 
459.36 
4.78 
7.64 
1.89 
170.00 
Source : Statistical diary - D.P. 1986, 
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Based upon total cropped land and acreage under each crop 
wheat, maize, bajra, pea and gram are the main crops. The total 
cropping area of the district is 501583 ha out of which 391032 ha 
is under cultivation, 11055 ha comes under fallow land (Table-5). 
Wheat occupies the largest area under cultivation with 227599 
ha, followed by bajra 76899 ha. Other important crops and area 
under each crop is listed in Table-6. 
The crops of upper Ganga plain are maize, pearl millet, wheat 
and pigeon pea. Maize and pearl millet, both share 16.8% of the 
total cropped land in the region. While bajra in Aligarh district 
contributor from 7% out of 19.5% of the total crop land in the 
upper Ganga plain, followed by m<aize i.e. 6% of the total crop land 
(Singh,1987). The detailed account of crops of upper Ganga plain 
in wtiich my stud^ area falls; is given by Singh (1987). 
Cropping intensity and yield per acre is dependent on 
cultural and physical factors. Considering these factors Aligarh 
has low productivity, which is compensated to some extent by better 
irrigation facilities. The average yield per acre in the year 
1987-88 was highest for wheat i.e. 25.55 quintal per ha and lowest 
for jowar with 5.12 quintal per ha (Table-7). 
The crop combination in the area is typical of the region. 
In the study area bajra is the most intensively grown crop and 
occupies first position in Aligarh district. Bajra is grown as a 
single crop and also as a mixed crop with til and arhar in the 
area. Wheat is generally grown with rye and mustard. Mustard is 
generally grown as single crop in the study area. 
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Table-5 
Land utilisation in Aligarh district 
Si.No. Utilisation of land for various purposes Area (ha) 
1. Total reporting area of district 501583 
2. Area under cultivation 391032 
3. Area under fallow land 11055 
4. Cultui-able land (under forest, groves and 4621 
wafitc 1 ami ) 
5. Ol:h(.'rB unculturable land, permanent 94875 
pdatu r<'i3, ((razing land, fitc. 
Source : Gazetteer, Aligarh District, 1989. 
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Table-6 
Area under principal crops in the district (1987-88) 
* 
SI.No. Crops Area under Total area Area under 
each crop of the cultivation 
(ha) district (ha) 
(ha) 
1. 
2 . 
3. 
4. 
5. 
6. 
7. 
Wheat 
Ba jra 
Barley 
Gram 
Paddy 
Pea 
Jowar 
227599 
76899 
44750 
12115 
9488 
19520 
746 
501583 391032 
Source : Gazetteer, Aligarh District, 1989. 
?7 
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Table-7 
Important crops yields of the district (average/ha) 
(1987-88) 
SI.No. Crops Average yield (qtl/ha) 
1. Wheat 25.55 
2. Barley 20.06 
3. Paddy 18.81 
4. Pea 12.67 
5. Pearl millet 11.23 
(') , c;rani 08.19 
7. Mustard/Rape seed 07.67 
8. Mai;',<' 0 5.99 
9. Masoor 05.26 
. 10. Jdwar 05.12 
Source : Gazetteer, Aligarh District, 1989. 
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Crop Rotation - Mxxed Cropping 
In the past, one of common practice has been to leave the 
field without crop for a season and sometimes sowing of green 
manuring crop, so as to allow the land to recuperate its 
fertility. But of late crop rotation and mixed cropping aro 
proving more beneficial. the most common crop rotation being 
practised in the area are maize-wheat. Maize-potato, paddy-
wheat, bajra-wheat, green fodder (barseem) - wheat. 
The system of mixed cultivation not only gives additional 
harvest, but also increases the overall yield and optimum 
utilisation of land, nutrients and other agricultural inputs. The 
leguminous crops like moong and gram helps in providing nitrogen 
to the soil through standing crop. Perhaps this may be the reason 
of mixing leguminous crops with non-leguminous crops such as arhar 
with jowar, urd with til, bajra with urd, wheat with gram, 
pea-mustard, barley with gram or pea, maize with urd. 
The district enjoys exceptionally good irrigation facilities. 
Even before the introduction of canals, the natural advantage of 
tracts were far more greater than in many parts of doab. Wells 
are the most important source of irrigation in the area. Inspite 
of great expansion of canal system, wells including tube-wells, 
still form the chief source of irrigation; i.e. 47%. The crops 
get regular supply through it. The area irrigated by canal is 94, 
33 ha and by tube-wells is 23855 ha. The area irrigated through 
other means is 1191 ha (Aligarh district Gazetteer, 1989). 
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The traditional manure used in the area mainly consists of 
cattle dung, farm refuse and stable litter. The usefulness of 
green manure such as sanai, Dhaincha, barseem and moong; which 
increases the soil fertility by providing nitrogenous matter to 
the soil is being largely practiced. 
The use of chemical fertilizers is favoured by the farmers 
in this area. The most commonly used fertilizes are nitrogenous, 
phosphatic and potassic fertilizers. 
Although there has been tremendous advancement in the 
agriculture sector but still most of the crops are affected by 
problems like infestation of vertebrate pests. The infestation of 
insect pests greatly affects the productions and to some extent 
remains unchecked. 
Thus pests are directly responsible for reducing the average 
yield per hectare. With the extensive use of hardy, disease 
resistant and effective pesticides, considerable decline in the 
pest infestation has been noticed. But till date biological 
control continues to be the safest but incidently least practiced. 
30 
FOOD AVAILABILITY 
Table-8 shows different food items and their flowering 
and fruiting time. It is evident that the supply of food items 
is round the year and the same is available to five striped palm 
squirrel throughout. 
During three months, October, November and December food 
items available to squirrels are such as young shoots of Delonix 
regia, Eugene jumholana. Acacia, spp., and Psidium guajava. 
november is the sprouting time for early rabi crops and gram is 
available for nibbling in December; seedlings of wheat, mustard 
and gram and pigeon pea are also available to squirrels. In the 
months of January and February fruits of guava (P.guajava, and 
crops such as wheat (T.aestivum) , mustard (B.compestris) , gram 
(C.arietenum) comprises of main food items. The other food items 
available during these two months are Embelica officinalis, 
Zizyphus jujuba, Kigelia pinnata and pods of Acacia nilotica and 
Delonix regia. March and April months are harvesting and 
threshing months for rabi crops which includes; wheat, gram, pea 
(.Pisum sativum) . Besides these crops fruits available during 
these two months are of Bombax ceiba, Psidium guajava, Acacia 
nilotica and Mangifera indica. The months of May-June brings 
about fruiting of many trees such as Ficus carisa, Helianthus 
annus, Eugene jumbolana, Azadirachta indica, Terminalia arjuna and 
Kigelia pinnata. Side by side pouring of grains, of wheat and 
gram in granaries, are available for them. All this extends upto 
July end. August and September months are beginning of harvesting 
months for kharif crops such as bajra, jowar,maize, urd, and 
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moong. In the mean time summer vegetables like tomato and 
cucumbers are also available for squirrels. During these months 
fruits of Dalbergia sissoo, Punica granatum and second crop of 
Psidium guajava is available for them. 
Various food species available to the squirrels round the 
year is given in Appendix-II. 
The seasonal changes in the diet of five striped palm 
squirrel could be due to availability and relative abundance of 
the food items at particular time of the year. 
The phenological observations (Fig.5) shows that supply of 
food for five striped palm squirrels is maintained throughout the 
year, either in the forms of fruits, young shoots or crops and 
grains besides left over human meals. There is a wide range of 
food items available to five striped palm squirrels round the 
year, and any particular fruiting tree or crop is not going to 
affect very much on its food habits in general. 
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TABLE 8 
Flowering and Fruiting time of some common trees in and around AMU 
Campus. 
Plant Species 
Scientific name Common name 
Flowering Fruiting 
Acacia nilotica Babool Nov-Feb, Apr-Jun, 
Aegel marmelos Bel Mar-Apr May-Jun 
Azardirachta indica Neem Mar-May May-Jul 
Bombax ceiba Fig Mar-Apr May-July 
Carina indica Kar Mar-Jun 
Capparis sepiaria Hins May-Jun Jul-Aug 
Coccinia cordifolia Sindoori Apr-Nov Sep-Dec 
Dalbergia sissoo Shisham Feb-Apr Apr-May 
Delonix regia Gulmohar Mar-Apr May-Jul 
Emblica officinalis Amla Feb-Mar Mar-Apr 
Eugene jumbolane Jamun Apr-May Jun-Jul 
F. benghalensis Burgad -do- -do-
F. carica Fig Mar-Apr May-Jun 
F. racernosa - -do- -do-
F. infectoria Pilkhan -do- -do-
F. glomerata Gular -do- -do-
Ficus benjamina - Apr-Jun Jun-Aug 
Helianthus annus - Feb-Mar Apr-May 
Kigellie pinnata Lookiya Apr-Jun Nov-Dec 
Leucamia glauca Safeda Jun-Aug Oct-Feb 
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Mangifera indica Am 
Melia azardirach Bakain 
Prosopis juliflora Bilayati 
Psidium guajva Amrood 
Punica granatum Anar 
Putrinjiva roxburghii 
Salvadora oleoides Pilu 
Sterculia alata 
Sterculia sp. 
Tamarindus indica Imli 
Terminal is arjuna Arjuna 
Zizyphus jujuba Jharber 
Jan-Mar 
Mar-Apr 
Mar-Apr 
May-June 
Apr-Jun 
Mar-Jul 
Mar-Apr 
Mar-Apr 
Jun-Sept 
Apr-May 
Aug-Nov 
Apr=Aug 
Sept-Nov 
May-Jun 
Aug-Sep 
Sept-Nov 
Sep-Feb 
May-Jun 
May-Jun 
Aug-Dec 
Jun-Jul 
Jan-Feb 
Various food species available to the squirrels round the year is 
given in Appendix II. 
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The five striped palm squirrel (though it does not affect 
palms any more than other trees (Sterndale, 1884) is basically an 
omnivore creature. As they are said to destroy the eggs of small 
birds (Prater,1980), "destroying many insects, especially whito 
ants, and beetles both in their perfect and larval state' (Mc 
Master 1984). Stomach content analysis revealed their omnivorous 
nature with termites and male flowers of coconut as the major food 
items (Bhat & Mathew 1985). There is probably no edible vegetable 
substance that a squirrel will not eat. It has been observed 
feeding indiscriminately as its major portion of diet comprises of 
garbage of all kinds to nuts, corns, fruits, nectar, bark, young 
shoots, vegetables, left over human meals may it is bread 
(chapati), rice or ice-creme (Plate-2), seeds/pods; beside termite, 
ants and eggs of birds. It feeds upon the crops such as wheat, 
gram, rice, jawar, bajra at the time of sowing, growth, harvesting 
and threshing and keep track of grains at their place of being 
stored. 
Results of 14 stomach contents of five striped palm squirrels 
are given in Table-9. 
The total volume examined was 112 CC and 104 CC for winter 
and summer seasons respectively. 
Among the plant food, cereals such as wheat and bajra (pearl 
millet) were most frequent in the stomach contents {Table-9). 
The grains of jowar and rice stood second on the basis of 
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frequency of occurrence and by volume, 37.5 (9.0) and 38.0 (3.2) 
respectively among cereals. 
Among pulses green gram and grain (vegetable parts and pods) 
pigeon pea constituted moderately low. The highest frequency is 
shown to pigeon pea (24.5) but green gram constituted 9.3% of 
their diet. 
Oil seeds such as mustard/rape seed and groundnut constituted 
25.0 (3.4) and 9.5 (1.2) respectively. Figures within parenthesis 
are percentages by volume of particular food item and rest 
percentages by occurrence. 
Vegetables in general and their seeds during summer season 
comprises of 64.0 (6.3) and during winter season far lower as 28.0 
(7.1). Vegetables in general consists of mainly tomato seeds 
cucumber and brinjal. 
Among fruits pomegranate rated highest with 49.0 (3.4), 
followed by guava 38.5 (4.2) according to their percentage of 
occurrence. Among insects in general caterpillars/grubs occurred 
in greater quantity i.e. 11.1% and 9.0% by volume in the stomach 
of squirrels (Table-9) during winter the summer respectively. 
While termites occurred more frequently (71.5% and 83.2% of 
stomachs) than any other. 
Direct observations were made to record the food items 
consumed by five striped palm squirrel. Tree species, crop 
species vegetables and their parts, with degree of feeding (on the 
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Table-9 
Stomach contents of Funatmbulus pennanti, collected during October 
1987 and September 1988 in two seasons (the Figurs in left denote 
percentages by occurrence and those within parentheses percentages 
by volume). 
Food Item Season 
Winter 
(Nov-Feb) 
Summeir 
(March-June) 
Cereals 
Wheat (including flour & bread) 
Pearl millet 
Jowar 
Rice 
Pulses 
Gram 
Green gram 
Pigeon pea 
Others 
Oil seeds 
Mustard/Rapseed 
Ground nut 
All vegetables/seeds 
Fruits 
Mango 
Guava 
Arjuna 
87.5(31.6) 
37.5(09.0) 
16.0(05.4) 
15.0(09.3) 
24.5(02.8) 
09.5(01.2) 
28.0(07.1) 
38.5(04.2) 
93.0(32.5) 
38.0(03.2) 
12.0 
14.5(01.9) 
25.0(03.4) 
64.0(06.3) 
16.5(04.5) 
15.0(08.5) 
Jarrmn 
O t h e r s 
Total Pods/Seeds 
Fibres/Wood 
Termites 
Black ants 
Caterpi1lars/Grubs 
Scales 
Unidentified 
Sample size 
13.5(01.8) 
12.0(01.4) 
23.0(00.9) 
71.5(06.0) 
10.0(01.6) 
48.0(11.1) 
32.0(00.4) 
34.0(02.8) 
14 
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11.5(01.6) 
14.5(02.0) 
11.5(01.4) 
83.2(05.5) 
34.5(06.3) 
65.0(09.0) 
38.0(00 .6) 
56.5(03.3) 
14 
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bases of number of observations) are given in Table-10. The table 
shows that tViere is a wide range of food items, on which the 
squirrels feed upon. 
It is clear from the table-10 that some food items are 
consumed more than the others. 
On the basis of number of observations it can be said that 
species like Psidium guajava, Mangifera indica, Morus alba, Punica 
granatum, Ficus glomevata, Ficus carisa, Triticum aestivum, 
Pennisetuw typhoides, and Cicer arietenum and their parts are 
favoured more than the others species. 
Bark is sought by five striped palm squirrels specially 
during winter season. It denudes the surface and licks up the sap 
that exudes from the wound of plants. Bark of Ficus spp.. Acacia 
nilotica and Aegel marmelos are most favoured. 
Young shoots such as sprouting leaves, leaf buds, apical 
meristem and softer parts are commonly used by the squirrels as 
the preliminary item of the diet. Occasionally it feeds upon left 
over cattle feed mixed with the fodder. 
It picks up the grains from the ground as well as from the 
dungs of cattle. Grains of Triticum aestivum, Pennisetum 
typhoides. Sorghum vulgare, Cicer arietenum, Oryza sativa and 
Brassica compastris constitute the major part of their diet. 
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TABLE 10 
Food spectrum of five striped palm squirrel 
Plant Species Parts Eaten Degree 
Acacia nilot tea P + 
Aegel marmelos YS, B + + 
Azardirachta indica F + + 
Bowbax ceiba FL, N + + 
Bouganvillia spp. FL, N + + + 
Canna indica FL, N + + + 
Capparis sepiaria YS + 
Dalbergia sissoo F + + + 
Delonix regia FL, + + ^ 
Emblica officinalis YS, F + + 
Ficus benjarnina B, F + + + + 
F. benghalensis YS, B, F + + + + 
F. carica B, F + + + + 
F. infectoria YS, B, F + + + + 
F. glomerata YS, B, F + + + + 
F. racemosa B + + + 
F. relegiosa B + •»-
Helianthus annus YS, F + 
Kigellia bipinnata YS + 
Leucamia glauca F + 
Madhuca indica FL, N -i- + + 
Mangifera indica YS, F + + + + 
Me lia azardirach F + 
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Moras alba F + + + + 
Polyalthia longifolia B + + 
Prosopis Juliflora P + + + 
P. spicigera F + 
Psidium guajva YS, F + + + + 
Punica granatum F + + + + 
Putrinjiva roxburgbii F + 
Sa1vadora oleoidos YS, F + + 
Sterculia alata F + 
Sterculia urens F + + 
Syzigium cumini B, F, YS + + + + 
Tamarindus indica YS, F + 
Terminalia arjuna F + + + + 
Trifolium alexandrurn YS + 
Zizyphus jujuba F, YS + + + + 
Z. mauritiana F, YS + + + + 
CROPS, FORBS AND GRASSES 
Arachis Hypogea G + + + 
Brassica compastris G + + 
Cajanus cajan G + + + 
Cajanus indicus YS, G + + + 
Chenopodium album YS + 
Cicer arietenum YS, P, G + + + + 
Cynodon dactylon YS + + 
Erogrostris cynosuroides YS + 
Fasciolus mungo G + + 
Lens esculentus YS + 
Oryza sativa G + + 
Pennisetum typhoides G + + + + 
4 1 
Pi sum sativum 
Sesamum indicum 
Sorghum vulgare 
Trianthema spp, 
Triticum aestrivum 
Trifolium alexandrium 
Vigna radiata 
Zea mays 
YS, G 
G 
G 
YS 
YS, G 
YS 
YS, G 
G 
+ + 
+ + + 
+ + + + 
YS = Young Shoots 
P = Pods/Seeds 
G = Grains/ Seeds 
F = Fruits 
FL = Flower 
B = Bark 
N = Nector 
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Buds of Canna indica, Bouganvillia are licked for nectar, 
and leaves of Cicer arietenum are nibbled by squirrels. 
Five striped palm squirrels play with caterpillars/grubs 
before' eating them. 
The five striped palm squirrels examined (stomach contents) 
and observed; were harmful as well as beneficial in their feeding 
activities. But it is an important member in maintaining 
ecological balance both ways nevertheless. 
Funamhulus pennant i is beneficial as it feed upon large 
quantities of crop pests such as termites and caterpillars/grubs 
as shown in Table-10. Insects (unspecified) were reported to be 
the most common food of the northern palm squirrels (Sood & 
Dilber, 1977). Krishnaswami & Chowhan (1957) reported it to prey 
upon termites and caterpillars. It is harmful as it damages a 
fruits, grains, vegetables and other economic crops in its area. 
As given by Bavappa (1977) and Bhat et al (1981), its close 
relative F. tristriatus is an important rodent pest from south 
India. 
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FOOD PREFERENCE 
Funambulus pennanti shows preference to various food items 
over the others. Some food items are consumed more in quantity 
than the others. 
All the senses of an animal are used in search, for food such 
as sense of sight, small and touch; all are employed to gather 
food. But their relative importance varies from group to group. 
An squirrel can locate its food; no matter, it may be quite far 
and not visible from naked eyes. 
An experiment was performed on trial basis as to know whether 
there is some preference to food or not, provided food items are 
supplied in surplus. 
Five different food items i.e. grains of bajra (P.typhoides) , 
wheat (T.aestivum), jowar iS.vulgare), mustard (B.compestris) and 
rice (O.sativa) were placed in open ground, in exposed position 
to allow easy access to squirrels. The relative position of the 
5 species of food items were changed in rotation. Each day 
feedings were continued till animals lost interest in food. All 
the five food items were weighed once in the morning, before they 
were available to squirrels and once at the end of the day. The 
difference was noted down for each species. Squirrels were 
observed at an interval of 20 minutes, at their feeding sites. 
Number of squirrels feeding on particular food item and time spent 
in feeding on particular food item was noted down. Later this was 
summed up, and average number of animals feeding per day on 

Now it is evident that food preference of squirrels to 
particular food is not just due to availability of food items, but 
other factors such as morphology, anatomy and quality of food 
items too play an important role in determining the preference 
over the others. 
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PEAK HOURS OF FEEDING 
The data (Fig-8&9) revealed the presence of distinct bimodal 
feeding pattern in the five striped palm squirrels (Bhat & Mathew, 
1984) also reported bimodal mode of feeding pattern in Funambulus 
tristriatus in captivity. 
During winter season i.e. from November to February, the 
feeding was first observed around 0630 hours, increasing rapidly 
thereafter till 1200 hours. Between 1100 hours to 1200 hours 
feeding declines and comes to standstill around 1300 hours till 
1500 hours. After 1500 hours feeding again reaches at its peak 
around 1700 hours, after 1700 hours feeding activity declines 
gradually and ceased at about 1800 hours. 
Stages E-F shown in the Fig-8 indicate that feeding comes to 
an stand still, only 8-10% feeding goes on, otherwise most of the 
animals are either resting or busy in jumping here and there. 
In summer season from March to July (Fig-9), the length of 
day light increases gradually thus affecting the feeding of 
squirrels. May and June months experiences highest temperature 
in the area. Feeding was first observed around 0530 hours 
increasing rapidly till 0800 hours. After 0800 hours feeding 
increases gradually till 1030 hours and after that it declines 
rapidly till 1200 hours. From 1200 hours (Fig-9, F G stages), to 
around 1600 hours feeding ceases and comes to standstill. Only a 
few animals can be seen_searching for food otherwise most of them 
are resting on a branch of a tree. During resting phase some 
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different food items were calculated (Table-11). Percent time 
spent by individuals on each food item was calculated out of total 
hours spent in active feeding (Table-11). Observations were 
continued for 11 days from morning till evening (13 hours a day). 
Distribution of the squirrels was not equal on five food 
items and was higher on the bajra (Table-11, X = 40.46, P< 0.01, 
d.f.= 4) The value of chi-square goodness of fit is highly 
significant and null hypothesis (Ho) " The distribution of 
squirrels on five food items is equal by choice", is being 
rejected. 
Five striped palm squirrels spent more time feeding on bajra 
(50.5%) than any other crop (Fig-6). 
Average time spent in feeding on each crop species is bajra 
50.5% followed by jowar 25.5% than rice 13.2%, wheat 8.6% followed 
by mustard 2,2% at last. 
Food preference in natural condition was assessed on the 
basis of frequency of visit to feeding site, duration of feeding 
on food item and average number of squirrels visiting a particular 
food item per hour. All this has been calculated from total hours 
of active feeding in a day, and by taking mean of total hours of 
observations during the study. 
Table-12 shows that the frequency of visit duration of 
feeding and average number of animals visiting per hour is higher 
for the Coccinia cordifolia fruit than the others. 
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Table-ll 
Food preference of F.pennanti among five different food items 
(crop species) 
Observation Av.no.of Crop species 
animals 
feeding Bajra Jowar Wheat Rice Mustard 
1. 7 4(40) 1(30) 1(10) 1(20) 
2. 6 3(50) 1(30) 1(10) 1(10) 
3. 8 4(45) 1(20) 1(10) 1(15) 1(10) 
4. 5 3(60) 1(30) 1(10) 
5. 6 3(40) 1(30) 1(10) 1(20) 
6. 7 3(40) 1(20) 1(10) 1(20) 1(10) 
7. 9 5(60) 2(20) 1(10) 1(10) 
8. 6 4(60) 1(30) - 1(10) 
9. 8 4(50) 1(20) 1(15) 1(10) 1(5) 
10. 8 4(50) 2(30) 1(10) 1(10) 
11. 6 3(60) 2(30) - 1(20) 
Total no. of feeding 40 14 9 10 3 
Av. % time (50.5) (25.5) (8.6) (13.2) (2,2) 
spent in feeding 
60 
50 
40 
^ 30 
-p 
c 
0) 
a 20 
10 -
0 
Bajra Jowar Rice Wheat Mustard 
% Time 
F i g , 6 : Percent time spent feeding on 
d i f f e r e n t avai lable food species, 
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Fig-7 shows that preference of Coccinia cordifolia is highest 
followed by Ficus glomerata, Psidium guajava, Terminalia arjuna 
and Sterculia spp. 
Morphology and anatomy plays an important role in feeding. 
Mouth parts of an individual are adapted to its mode of feeding 
and type of food an individual consumes. The long snout of five 
striped palm squirrel with incisors favours in piercing a fruit 
of Coccinia cordifolia which is most favoured by a squirrel. 
Fruits of C.cordifolia are juicy and sweet in taste, juice is 
licked and seeds are eaten as such leaving the hollow epicarp (an 
outer covering) of the fruit. 
Fruits of Ficus glomerata and Psidium guajava are soft and 
fleshy; thus it is easy to open the fruits and feed upon. Equal 
time is spent in feeding on both the fruits, as well as average 
number of squirrels feeding per hour is the same. It is the 
frequency of visits to feeding site which decides preference to 
F.glomerata over the P.guajava (Table-12 and Fig-7). 
Fruits of T.arjuna are hard and fibrous, hence increasing 
the duration of feeding. Squirrel first tear the fibre and then 
nibble the same. One can recognise by looking at the fruit, 
whether it has been consumed by the squirrel or not; as the nibble 
marks are distinct and clear (Plate-3) for squirrels. 
Fruits of Sterculia urens are not favoured much because it 
is hard and somewhat difficult to open. 
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Table-12 
Food preference by F.pennanti among five different food items 
in nature 
Si.No. Plant species Observation hrs 0600 to 1900 hrs 
Frequency Duration Av.no.of 
of visit of feeding squirrels 
to feeding per hrs 
per hrs (in minutes) 
1. Terminalia arjuna 
2. Ficus glomerata 
3. Coccinia cordifolia 
4. Psidium gujava 
5. Sterculia spp. 
3 
7 
11 
6 
2 
2.5 
1.5 
3.5 
1.5 
2.0 
3 
4 
6 
3 
2 
Total hours of observations 117 hours. 
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0) 
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0 
CC FQ PG TA SU 
D Fryquenoy of Visit 
CC = Coccinia co rd l fo l l a , 
PG = Psidlum quaj ava, 
SU = S t e r c u l i a u rens . 
FG = Flcus glomerata 
TA = Terminalia arjuna 
F i ^ . 7: Frequency o£ v i s i t to various food 
Species by s q u i r r e l . 
Plate 3 : Nibble marks (feeding signs) 
on Termlnalia arjuna fruit. 
If) ?0 
- % Tlriiy 
F i g . 9 : PeaK feed ing h o u r s (March 1988 t o J u l y 1988) 
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squirrels were observed either chasing one another or jumping all 
over with loud squeaks. After 1600 hours feeding again increases 
rapidly, and second peak was recorded around 1800 hours. 
Thereafter feeding slowed down and ceased about 1930 hours. 
Feeding in squirrels was never observed at night. 
Five striped palm squirrel is a voracious feeder and feeds 
throughout day except (from 1200 hours to 1500 hours during winter 
and 1200 hours to 1600 hours during Summer - only a few squirrels 
are active at these intervals), it is a day of rough wind and rain 
or the temperature is very high. They are active immediately 
after down and activity ceases soon after dusk. Early morning and 
late afternoon are the two feeding times. But if the food is 
abundant and the weather is fine; desultory feeding goes on all 
the day. It is evident from this study that the squirrels can 
easily be baited early in the morning. 
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FEEDING METHOD 
Feeding method of an animal is related to its morphology and 
anatomy and feeding habit with physiology of the animal concerned. 
Five striped palm squirrel is well adapted to its surrounding 
as well as to food items hence successfully existing in its 
habitat. Five striped palm squirrel consumes a wide range of food 
items (Table-10). Its feeding method involves breaking up of food 
by gnawing, scrapping or nibbling at it with its front or incisor 
teeth, which are essentially designed for such work. In the 
process of gnawing the incisor teeth constantly maintain their 
sharp cutting edge. The teeth of palm squirrels are adapted to 
their food and their way of eating it (Prater,1980). 
There arc no canines, so there is an empty gap in the jaws 
between the front and back teeth. This gap serves a special 
purpose that it enables the inner surface of the check to be 
brought closer, together inside the mouth thus reducing the 
passage from the outer to the inner chamber of the mouth, to a 
narrow opening, by drawing inwards of the opposing cheeks. 
Five striped palm squirrels have a typical posture of its 
own, while feeding. They make use of their fore paws for holding 
the food as leverage and sitting on haunches with the aid of its 
hind legs (Plate-4). 
Five striped palm squirrel is a shy creature but can be tamed 
easily. They frequently raise themselves on their hind legs to 
watch for danger and give a sharp whistle in warning when danger 
approaches. 

i2 
while feeding on insects such as caterpillars/grubs, black 
ants, it plays with them. It rolls them up and down, picks it up 
and throws it out, goes around before eating them. 
At the time of feeding it is very active. It keeps vigil by 
looking all around, by changing posture and direction of neck or 
body as a whole. Even a small danger can make it off from its 
place of feeding in no time. 
When food material is abundant, it gives loud squeaks as if 
calling others to join. 
INTER-SPECIFIC INTERACTION 5 3 
At the time of feeding their neighbours are mostly birds. 
Several birds and five striped palm squirrels share the same 
habitat as far as their food habits are concerned. No 
relationship except exploiting the same resources can be marked 
out with birds. Some of the commonly occurring birds; whose 
habitats as regard to feeding overlap with squirrels is discussed 
here. 
1. With Brahminy myna {Sturnus pagodarum) and Ring Dove 
{Streptopelia decaocto); Many times five striped palm squirrel has 
been observed feeding on black ants (Camponotus spp.) with 
Brahminy myna and ring Dove (Plate-5). 
2. Pied Myna {Sturnus contra), Bank Myna (Acridotheres 
ginginianus) and common myna {Acridotheres tristis): All the 
three species of mynas are omnivorous creature. Quite often one 
or the other out of three species of mynas share with the 
squirrel. Pied Myna was mainly seen feeding with squirrel in the 
crop fields, while Bank myna shared the company wherever there 
were scattered grains; be it grainary or domestic stock in the 
houses. On two occasions Common myna was observed feeding on 
insects with squirrel at the distance of about one foot. 
3. Graminivorous birds such as House Sparrows {Passer 
domesticus) were seen feeding with five striped squirrels many 
times; in the crop fields as well as in the grainary. 
4. Red vented bulbul {Pycnonotus cafer) were seen feeding on the 
fruits of Mulberry (Morus alba) with the five striped palm 
squirrel on the same branch. 
Plate 5 : In te rac t ion with Brahminy 
Myna and Ring dove. 

QUALITATIVE DAMAGE ASSESSMENT 
.•)0 
Funambulus pennanti has become parasitic on man and affect 
the day to day life of human beings; palm squirrels can also 
become an agent in the spread of plague (Prater, 1980). They 
affect human life either by spreading a disease among our midst, 
or through direct losses. It affects grains of all sort, fruits, 
vegetables, nuts, and corns. They damage grains before sowing, 
at every stage of its growth, and after harvesting and threshing, 
wherever it is stored be it grainaries, market place or in houses 
as domestic stock. 
Losses to grains in storage cannot be determined in a 
meaningful manner unless qualitative deterioration is considered. 
The need for a clear distinction between apparent and real loss 
warrants special consideration. Similarly, it is important to 
define and use consistently such terms as damage, wastage and 
qualitative (nutritional, functional or hygienic) loss (FAO 
Report,1983) . 
The critical factors for deriving pragamatic definition of 
food losses- or damage are quality parameters and regulatory 
standards. One of the major difficulties in assessing damage is 
the inadequacy of the definition of damage. The damaged grains 
maybe utilized by animals, and the sound grains are salvaged by 
nibbling or gnawing. In market channels the damage is often 
described in terms of discolouration, loss of lustre, development 
of off-flavours, presence of powdery material and foreign matter. 
Quality is determined by visual and physical inspection for 
grains and fruits or vegetables. 
Pla te 6 : Pome granate frxiit exposed 
by a s q u i r r e l . 
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The damage caused by F.pennanti affects the physical quality 
of grains and fruats. Physical losses generally are assessed in 
terms of weight losses for grama, and through visual inspection 
and deterioration in quality for fruits, vegetables, etc. Some 
large qualitative losses may not be reflected m terms of 
quantity. Thus, for instance, damage to embryo of grains results 
m a small quantitative loss; yet the qualitative loss for gram 
used for seeding is 100 percent. The loss of viability of the 
seed and characteristics of odour (through mixing of faecel 
matter, urine) are some of the parameters employed to determine 
the quality status of food grains. 
The squirrels cause extensive damage to the stored grains at 
gram markets, grain storages and domestic stock in houses. 
Sometimes squirrels make big holes m polyethene and canvas sheets 
covering the gram stacks. They also cut gunny bags to expose 
grains for feeding and thus cause an extensive damage to grains 
in the exposed upper and outer rows of bags. Many times dead and 
dry specimens were collected from gram stocks; some lying outside 
while others inside the gunny bags. Those died inside the gunny 
bags sometime spoil the l/4th of a quintal, not actually by eating 
at it but by spoiling it through faecal pellets and odour. 
Squirrels have been recorded feeding in grain markets, where 
grains lie m open heaps and at many places grains are spread for 
drying. A study carried out in Hapur (U.P.) indicated that wheat 
handled in threshing yards, with a capacity of 4-12 tonnes, showed 
losses of 122-201 gm/day due to birds and rodents (FAO 
Report,1983) . Similar kind of damage by birds have been reported 
m Punjab (Toor and Sandhu, 1981). 

Squirrels have been observed picking saplings of wheat 
iT.aestivum), gram {C.arietenum), and Pea (P.sativum). Many a 
times they have been reported to come to forest department nursery 
and robbing seeds and saplings of T.arjuna and A.nilotica. 
Squirrels extensively feed on fruits of Pomegranate 
(Punica granatum), Mango (M.indica), Guava (P.guajava), and Jamun 
(. E. jumbolana) . If the damage is assessed in terms of quality and 
cash, it is more severe because potential damage to particular 
fruit is not as serious as actual damage. Such damaged fruits do 
not fetch attraction of customers; if at all monetary losses are 
involved. Mai»y tin»e it so happen that as soon as orchard owner 
raises an alarm all the surrounding animals get frightened and run 
away. Thus changing of feeding sites involves qualitative losses 
(Plate-6) to many fruits in a day, although potential damage is 
not severe. This is all due to food habit of squirrels such as 
nibbling on particular fruit; lasts for short duration and after 
a short while it changes its feeding site. Thus qualitative 
losses leading to economic losses. 
Five striped palm squirrels have been recorded feeding on 
standing crops in crop field. Plants of wheat, mustard,and pearl 
millet can not support the weight of squirrels. To get to the cob 
of pearl millet iPennisetum typhoides), it tries to climb the 
plant, as plant is unable to support the weight, it breaks off 
after an critical point is reached. Same is the case with 
mustard. As soon as plant breaks off, squirrels jump down or come 
along the hanging par.t. Sometime these seeds are available to 
squirrels, but not always, because the plant may be hanging half 
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way and thus not available to feed upon. Such practices can often 
be recorded. This involves either total damage or partial damage. 
Total damage in the sense that plants break off before it reached 
maturity, thus involving total damage. Partial damage maybe due 
to feeding practices involved and, loss in the quality of grains 
in case of half ripe seeds. Peanut {Acacbis hypogea) crop is 
damaged by five striped palm squirrels at every stage. They dug 
out the nuts of peanut from the crop fields at the time of sowing, 
saplings and before the crop is being harvested. 
This is clear from above discussions that F.pennanti affects 
the quality of grains, fruits, seeds and corns or nuts. 
Qualitative losses involve directly or indirectly monetary losses. 
CONCLUSIONS 
CONCLUSIONS 
^3 
Cropping pattern and crop rotation of an area is typical. 
It is largely affected by social, economic, cultural and 
individual preferences. In the recent parit there has betMi a 
tendency of conversion of broad landed woodland to arable. Thus 
causing problem to human dependent species; one of them is five 
striped palm squirrel. Side by side these species too are; 
problematic for human beings as they affect day to day life of 
them. These species may be a source of disease of may involve 
direct losses. 
Cropping pattern is also largely determined by soil type, 
climate and irrigation facilities in the area. Some crops are 
grown more intensely in an area while others not. Crop rotation 
helps in increasing the soil fertility and spread of work load. 
One of the most important functions of crop rotation is to supply 
food for grainivorous animals; throughout the year. 
Introduction . of hybrid varieties to modern agricultural 
practices provides easy growing, tough, hardy (disease resistant), 
fast growing, minimal water requirements, suppressing unwanted 
growth, spreading and covering early and high yield to farmers. 
And use of chemicals such as insecticides, pesticides and 
herbicides check the population of predators to crops. 
Five striped palm squirrel is basically an omnivorous animal. 
It is a voracious feeder and feeds indiscriminately. Its major 
portion of diet comprises of grains, nuts, fruits, vegetables and 
left over human meals along with insects and smaller eggs. 
no 
It has been found that five striped palm squirrel has 
preference as far as food is concerned. It was found that it 
prefers juicy fruits of C.cordifolia and softer parts of crops 
(young shoots, and buds), and plants. Among grains it prefers 
pearl millet, P.typhoides over the others. 
There are two feeding seasons. One in the morning and the 
other in the evening. Its peak hours of feeding are determined 
and affected by length of the day and other climatologica 1 
factors. While feeding in association of birds, no relationship 
except exploiting the same resources can be marked out. Other 
than causing great damage to food stock, squirrels pose a grave 
risk of disease spread. It is suspected that they act as agent 
in sprerjding plague; and some other diseases. 
They damage grains before sowing, in every stage of its 
growth and after the harvest, wherever it is stored be it 
grainaries, market place or in houses as domestic stock. 
Potential damage to fruits, nuts and vegetables is more 
severe than the actual damage; As it leaves fruits half eaten and 
open. Thus affecting the quality of fruits and their market 
value. Thus as found in the present study as well as various 
other reports. 
F.pennanti has become parasitic to man. It is a pest to 
crops, grains, fruits and vegetables. However, it useful aspects 
cannot be ruled out in maintaining ecological balance. 
Five striped palm squirrels visit flowers to drink nectar 
and thus help in pollination. They feed upon ripe fruits and 
vegetables such as Coccinia, Sterculia, and Prosopis spp., thus 
help in seed dispersal. It may prove helpful in gran 
{C.arietenuw) cultivation as it nibbles the leaves and young 
shoots, flowering and fruiting is better in those gram plants 
which were nibbled by five striped palm squirrels (Singh, 1987). 
One of the possible reasons for this may be that it checks the 
over growth of the gram plants leading to better flowering and 
fruiting. It may also be helpful in checking the population of 
harmful insects. 
It is evident from this study that five striped palm squirrel 
affects standing and stored crops. The losses to standing and 
stored crops are more serious. This study further reveals that 
quantification of damage is needed in detail. 
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APPENDICES 
APPENDIX-I 
FAUNA OF THE AREA 
Si.No. Scientific Name Common Name 
(i) Mamma1s 
1. Funambulus pennanti 
2. 
3. 
4. 
Herpestes edwardsi 
Rousettus leschenaulti 
Felis chaus 
Five striped palm 
Squirrel 
Common mongoose 
Fruit bat 
Jungle cat 
(ii) 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9." 
10 
11 
12, 
13, 
14 
15. 
Birds 
Podiceps ruficol1 IS 
Phalacrocorax fuscicollis 
Phalacrocorax niger 
Anninga rufa 
Ardeola striatus 
Ardeola grayii 
Bubulcus ibis 
Egretta intermedia 
E. garzetta 
Nycticorax nycticorax 
Ixobrychus sinensis 
Ixobrychus sinensis 
Mycteria leucocephala 
Ephippiorhynchus asiaticus 
Platalea leucorodia 
Little Grebe 
Indian shag 
Little cormorant 
Darter 
Little Green Heron 
Pond Heron 
Cattle Egret 
Smaller Egret 
Little Egret 
Indian Reef Heron 
Nigh Heron 
Yellow Bittern 
Painted stork 
Blacknecked stork 
Spoonbil1 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
Anser anser 
A, mdicus 
Dendrocygna javanica 
D. bicolor 
Tadoma ferrugmea 
Anas acuta 
A, crecca 
A. poecilorhyncha 
A. platyrhynchos 
A. strepera 
A. penelope 
A. querquedula 
A. clypeatd 
Netta rufma 
Ay thya ferina 
A. nyroca 
Nettapus coromandellanus 
Sarkidicnis melanotes 
Milvus migrans 
Accipiter gentilis 
Accipiter badius 
A. nisus 
Gyps bengalensis 
Neophron perchopterus 
Circus melanoleucos 
C. aerugmosus 
Francolmus francolmus 
F. pondicerianus 
Grey lag Goose 
Barheaded Goose 
Lesser Wistling Teal 
Large whistling Teal 
Brahminy Duck 
Pin tail 
Common Teal 
Spotbill Duck 
Mailard 
Gadwal1 
Wigeon 
Garganey 
Shoveller 
Redcrested Pochard 
Common Pochard 
White Eyed Pochard 
Cottcjn Teal 
Comb Duck 
Pariah 
Goshawk 
Shikra 
Sparrow hawk 
Indian White Backed 
Vulture 
Scavanger Vulture 
Pied Harrier 
Marsh Harrier 
Black Partridge 
Grey Patridge 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
Coturnix coturnix 
Pavo cristatus 
Grus grus 
G. antigone 
Anthropoides virgo 
Amaurornis akool 
A. phoenicurus 
Gallmula chloropus 
Porphyrio porphyria 
Fulica atra 
Hydrophasianus chrurgus 
Metopidius mdicus 
Himantopus himantopus 
Recurvirostra avosetta 
Vanellus mdicus 
V. spmosus 
V. malabaricus 
Charadrius dubius 
C. alexandrinus 
Numerium arquata 
Limosa 1imosa 
Tringa stagnatilis 
T. nebularia 
T. ochrupus 
T. glareola 
T. hypoleucos 
Gallmago minima 
Calidris minuta 
C. temmmckii 
Common Quail 
Common peafowl 
Common Crane 
Sarus Crane 
Demoisel Crane 
Brown Crake 
White Breasted Waterhen 
Moorhen 
Purple Moorhen 
Coot 
Pheasant Tailed Jacana 
Bronze winged Jacana 
Blackwinged stilt 
Avocet 
Redwattled Lapwing 
Spurwinged Lapwing 
Yellow-wattled Lapwing 
Littleringed Plover 
Kentish Plover 
Curlew 
Blacktailed Godwit 
Marsh sandpiper 
(jreenshank 
Green sandpiper 
Wood sandpiper 
Common sandpiper 
Jacksnipe 
Little Stmt 
Temminck's stint 
73. 
74. 
75. 
76. 
77. 
78. 
79. 
80. 
81. 
82. 
83. 
84. 
85. 
86. 
87. 
88. 
89. 
90. 
91. 
92. 
93. 
94. 
95. 
96. 
97. 
98. 
99. 
Philomachus pugnax 
Larus brunnicephalus 
Chiidonias hyhrida 
Sterna aurantia 
Columba livia 
Streptopelia decaocto 
S. tranqueharica 
S. chinensis 
S. senegalensis 
Psittacula cyanocephala 
P. krameri 
Clamator jacobinus 
Eudynamys scolopacea 
Centropus sinensis 
Athene brarna 
Apus apus 
A.affinis 
Ceryle rudis 
Alcedo atthis 
Halcyon smyrnensis 
Merops oriental is 
Coracius bengalensis 
Upupa epops 
Tockus birostris 
Megalaima zeylanica 
M. haemacephala 
Dynopium bengalense 
Ruff and Reave 
Brown headed Gull 
Whiskered Tern 
Indian River Tern 
Blue Rock Pigeon 
Indian Ringed Dove 
Red Turtle Dove 
Spotted Dove 
Little Brown Dove 
Blossomheaded Parakeet 
Roseringed Parakeet 
Pied Crested Cuckoo 
Koel 
Crow-pheasant 
Spotted Owlet 
The Swift 
House Swift 
Lesser Pied Kingfisher 
Small Blue Kingfisher 
White Breasted 
Kingfisher 
Small green Bee-Eater 
Indian Roller 
Hoopoe 
Common Grey Hornbill 
Green Barbet 
Crimsonbreasted Barbet 
Lesser Goldenbacked 
Wood pecker 
1 0 0 . 
1 0 1 . 
1 0 2 . 
1 0 3 . 
1 0 4 . 
1 0 5 . 
1 0 6 . 
1 0 7 . 
1 0 8 . 
1 0 9 . 
1 1 0 . 
1 1 1 . 
1 1 2 . 
1 1 3 . 
1 1 4 . 
1 1 5 . 
1 1 6 . 
1 1 7 . 
1 1 8 . 
1 1 9 . 
1 2 0 . 
1 2 1 . 
1 2 2 . 
1 2 3 . 
1 2 4 . 
1 2 5 . 
1 2 6 . 
1 2 7 . 
1 2 8 . 
Galerida cristata 
Hirundo concolor 
H. ristoca 
H. fluvicola 
Lanius excubitor 
L. vittatus 
L. schach 
Oriolus oriolus 
Dicrurus adsiwilis 
D. caerulescens 
Artamus leucorhynchus 
Sturnus pagodarum 
S. contra 
Acridotheres tristis 
A.ginginianus 
Dendrocitta vagabunda 
Corvus splendens 
C. macrorynchos 
Tephrodornis pondicerianus 
Pycnonotus cafer 
Turdoides caudatus 
T. malcolmi 
T. striatus 
T. affinis 
Prinia subflava 
P. socialis 
Orthotomus sutorius 
Cercontela fusca 
Copsychus malabaricus 
Crested Lark 
Dusky Crag Martin 
Swallow 
Indian cliff swallow 
Grey Shrike 
Baybacked shrike 
Rufousbacked shrike 
Golden oriole 
Black Drongo 
White bellied Drongo 
Wood swallow 
Brahminy Myna 
Pied Myna 
Common Myna 
Bank Myna 
Indian Tree Pie 
[louse crow 
Jungle Crow 
Common wood shrike 
Redvented Bulbul 
Common Babbler 
Large Gray Babbler 
Jungle Babbler 
White headed Babbler 
Plain Wren Warbler 
Ashy Wren Warbler 
Tailor Bird 
Brown Rock Chat 
Shama 
129. 
130. 
131. 
132. 
133. 
134. 
135. 
Saxicoloides fulicata 
Saxicola caprata 
Anthus triviates 
Zosterops palpebrosa 
Passer domesticus 
Ploceus philippinus 
Loncbura punctulata 
Indian Robin 
Pied Bush Chat 
Tree pipit 
White Eye 
House sparrow 
Baya 
Spotted Munia 
(iii) Reptiles 
1. 
2. 
3. 
4. 
5. 
6. 
Naja naja 
Ptyas mucosas 
Bungarus caeruleus 
Mabuya carinata 
Calotes versicolor 
Varanus bengalensis 
Indian Cobra 
Common Rat Snake 
Common krait 
Common skink 
Common garden lizard 
Monitor lizard 
APPENDIX-II 
Food apeciea of squirrels m different months 
SI.No. Months Food species Parts eaten 
1. October Zea mays Seeds 
Sorghum vulgare Seeds 
Sesamum indicum Seeds 
Dalbergia sissoo Pods 
Punica granatum Fruits 
2. November Zea mays Seeds 
Sorghum vulgare Seeds 
Pennisetum typhoides Seeds 
Sesamum indicum Seeds 
Punica granatum Fruits 
DeJonix regia Seeds 
Embelica officinalis Fruits 
3. December Pennisetum typhoides Seeds 
Sorghum vulgare Seeds 
Psidium guajava Fruits/Bark 
Delonix regia Seeds 
Embelica officinalis Fruits 
4. January Psidium guajava Fruits/Bark 
Acacia nilotica Pods 
Embelica officinalis Fruits 
Delonix regi^ Pods 
Zizyphus jujuha Fruits 
Kigelia pinnata Fruits 
Bombax ceiba Flowers 
Zea mays Seeds 
5. February Psidium guajava Fruits/Bark 
Brassica compestris Seeds 
Triticum aestivum Seeds 
Terminalia arjuna Fruits 
Delonix regia Pods 
Embelica officinalis Fruits 
Zizyphus jujuba Fruits 
6. March Triticum aestivum Seeds 
Brassica compestis Pods 
Psidium guajava Fruits/Bark 
Bombax ceiba Flowers 
7. April Triticum aestivum Seeds 
Cicer arictinum Seeds 
Pxsum sativum Pods 
Acacia nilotia Pods 
Mangifera indira Fruits 
8. May Mangifera indica Fruits 
Eugenia jumbolana Fruits/Leaves 
Acacia nilotica Pods 
Azadirachta inddca Fruits 
Ficus carica Fruits/Bark 
Helianthus annus Flower 
9. June Mangifera mdica Fruits 
Eugenia jumholana Fruits/Leaves 
Acacia nilotica Pods 
Azadirachta mdica Fruits 
Kigelia pmnata Fruits 
Termmalia arjuna Fruits 
10. July Mangifera mdica Fruits 
Dalbergia sissoo Pods 
Azadirachta mdica Fruits 
Kigelia pmnata Fruits 
Terminalla arjuna Fruits 
11. August Psidium guaj,iva Fruits/Bark 
Acacia nilotica Pods 
Dalbergia sissoo Pods 
Kigelia pmnata Fruits 
12. September Zea mays Seeds 
Dalbergia sissoo Pods 
Punica granatum Fruits 
Sorghum vulgare Seeds 
Psidium guajava Fruits/Bark 
